the only unequivocal indication for prescribing testosterone has been physiological androgen replacement therapy for men with androgen deficiency due to pathological disorders of the hypothalamic-pituitary-testicular axis.
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A previous study of testosterone prescribing in Australia during the 1990s, which used Pharmaceutical Benefits Scheme (PBS) data, showed a gradual increase in testosterone prescribing over the decade consistent with population growth. It also showed striking disparities between states and territories, as well as two upsurges that were driven by promotional activity and partially curtailed by regulatory restraint. 6 The present study updates the surveillance of national testosterone prescribing by a further decade and incorporates an independent source of commercial pharmaceutical sales data.
Methods
PBS data (including the Repatriation Pharmaceutical Benefits Scheme) on all testosterone products were obtained from the Medicare Aust ra lia web site . Avai lab le da ta included numbers of units prescribed and expenditure for each state and territory, and for each testosterone product, by month from January 1992 to December 2010. No health or anthropometric information on the people who filled the prescriptions was available.
To compare dosing regimens of different testosterone products, the prescription unit of each product was converted into defined monthly doses (ie, the number of months covered by one prescription unit) (Box 1), based on the average dose registered for use in adults (obtained from the approved product information) and consistent with the conventional definition of standardised dosing (WHO Collaborating Centre for Drug Statistics Methodology, http://www.whocc.no). Expenditure data were adjusted for inflation, according to the consumer price index, by using the Reserve Bank of Australia inflation calculator (http:// www.rba.gov.au/calculator).
Testosterone prescribing data were also obtained from IMS -a company that provides national sales data by year by pooling data from the Australian Pharmaceutical Index and the Australian Hospital Index (http://www.imshealth.com/portal/ site/ims). For each testosterone product, it provided the number of units prescribed and expenditure for each year (1993 to 2010, inclusive), but not monthly or state-and territory-based data. IMS data include PBS-subsidised prescribing, private (non-PBS) prescribing and hospitalbased prescribing.
Results
Annual expenditure on testosterone products increased 9.1-fold according to PBS data (from about $1.4 million to $12.7 million, 1992 to 2010) and 5.3-fold according to IMS data (from about $3.1 million to $16.3 million, 1993 to 2010) (Box 2). When adjusted for inflation (60%) and population increase (28%) over the same period, expenditure increased about 4.5-fold according to PBS data and 2.5-fold according to IMS data (data not shown). PBS expenditure data were consistently lower than IMS expenditure data; the proportion increased over the two decades of observation -from 60% to 75%, with a sharp rise from 2005 (data not shown). According to IMS data, over 90% of testosterone prescribing was through pharmacies during the 1990s; there was a sharp rise in hospital-based prescribing between 2000 and 2005, such that pharmacy-based prescribing reached a nadir of 75% in 2005. Pharmacy-based prescribing then rose to over 97% by 2010 (data not shown).
Pharmacoepidemiology of testosterone prescribing in Australia, 1992-2010 S Objective: To describe patterns of testosterone prescribing in Australia over the past two decades by state or territory and by product type.
Design and setting: Observational analysis of testosterone prescribing data obtained from two independent data sources -the Pharmaceutical Benefits Scheme (PBS) and IMS, a source of commercial pharmaceutical sales data.
Main outcome measures:
Temporal trends in testosterone prescribingmeasured as units prescribed (converted into monthly defined doses) and expenditure -according to state or territory and product type (injectable, implantable, transdermal and oral).
Results: Over two decades, total annual expenditure on testosterone products increased ninefold to $12.7 million according to PBS data and fivefold to $16.3 million according to IMS data. When adjusted for inflation and population growth, expenditure increased 4.5-fold according to PBS data and 2.5-fold according to IMS data. The patterns of testosterone prescribing according to PBS and IMS data were highly congruent. When converted into monthly defined dose units, testosterone prescribing increased over the two decades with approximately twofold differences in total testosterone prescribed per capita between the states and territories with the highest and lowest rates of prescribing. When analysed by product type, the stable market patterns over the first 15 years were disrupted by sharp changes to create market dominance owing to introduction of two new testosterone products -a depot injectable testosterone and a transdermal testosterone gel.
Conclusions:
The progressive increase in PBS-subsidised testosterone prescribing without changes in proven medical indications or improvements in diagnosis of pathologically based androgen deficiency are likely to be due to promotion-driven non-compliance with PBS prescribing criteria, indicating that more effective implementation of the criteria is needed.
When viewed as total testosterone prescribed in monthly defined dose units, testosterone prescribing increased over the two decades with consistent parallelism between the two data sources (Box 2). For both data sources, there was a strikingly steeper rise in cost relative to dose from 2005 onwards. According to the PBS data, there was a greater increase in expenditure (4.5-fold [adjusted for inflation]) than in total prescribing (2.5-fold).
When testosterone prescribing was analysed by state and territory, there was a 2.1-fold difference between the states and territories with the highest and lowest rates of prescribing in 1992 (New South Wales v Western Australia and Tasmania) and a 2.2-fold difference in 2010 (Queensland v Tasmania) (Box 3; PBS data only). Over the two decades of observation, testosterone prescribing increased in all states and territories, with the increase ranging from 1.5-fold (New South Wales) to 4.3-fold (Western Australia).
When expenditure was analysed according to product type, the patterns in both data sources were highly congruent (Box 4). Expenditure on short-acting injectable testosterone was stable and declined slightly after 2006, when the long-acting injectable testosterone became available on the PBS. Expenditure on the long-acting injectable product rose steeply from 2006. Expenditure on implantable testosterone increased gradually from its introduction to the PBS in 1996, peaked in 2005, and fell after longacting injectable testosterone became available on the PBS.
Transdermal testosterone products were introduced to the PBS in 2000 as patches, but prescribing of transdermal products increased sharply from 2006, when a testosterone gel product became available and the use of transdermal patches declined modestly (data not shown). Oral testosterone prescribing rates were stable over the two decades.
Discussion
Over the past two decades, testosterone prescribing in Australia has progressively increased, predominantly via community pharmacies and even after adjustment for inflation and population growth. There was a greater increase in expenditure than in total prescribing because of substitution of more expensive newer testosterone products for older testosterone products; this is striking for an old, offpatent product in which the active ingredient represents only about 1% of the marketed product cost. Although the Pharmaceutical Benefits Advisory Committee aims to restrict opportunistic price increases for new products (via reformulation of old drugs) by benchmarking against older products, the range of existing marketed testosterone products provides alternatives that can be used to avoid the lowest cost comparator. However, accepting some price inflation may be an opportunity cost that should be traded off against having newer products available. By contrast, neither oral nor injectable testosterone undecanoate have ever been marketed in the United States, thereby restricting prescribing options.
The reason for the striking differences in testosterone prescribing between states and territories is not clear. The market profile of testosterone products was stable over most of the study period, until sharp changes from 2006, when two new products (a long-acting injectable product and a transdermal gel) with associated promotion, quickly dominated the testosterone market. Among the depot products, patients have been shown to prefer the 3-monthly injectable product over the 6-monthly implantable product in a direct crossover study. 7 Among the daily dosing products, patient preferences for gel over transdermal patches is supported by less direct (non-crossover) clinical trials. [8] [9] [10] [11] Introduction of the long-acting injectable testosterone reduced use of 2 National expenditure and defined monthly doses for testosterone products, according to PBS and IMS data, 1992-2010 PBS = Pharmaceutical Benefits Scheme.
◆
Defined monthly doses 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 use of the oral testosterone product. However, as both of these popular new testosterone products were marketed by the same company, the market for testosterone products was transformed from a competitive duopoly into a market dominated by one company, with its market share increasing from 63% in 2006 to 83% in 2009. Given the prevailing eligibility criteria, the substantial increases in PBSsubsidised testosterone prescribing must reflect either improved diagnosis of androgen deficiency, consistent with the eligibility criteria, or increasing evasion of the criteria. It is well established that, even in countries with effective national health systems that provide universal access to health care, most men with Klinefelter syndrome (the most common pathological cause of androgen deficiency) are never diagnosed during their lifetime. 12, 13 Hence improved diagnosis of Klinefelter syndrome might increase testosterone prescribing. However, there is no suggestion or evidence of such improvement, 6, 13 and the increase in testosterone prescribing could not be explained solely by increased diagnosis of Klinefelter syndrome. A more plausible explanation is the promotion of testosterone prescribing driven opportunistically by new product launches for speculative, non-approved indications such as "andropause" and male sexual dysfunction. It remains paradoxical that concurrent with underdiagnosis and undertreatment of genuine androgen deficiency, there is growing overuse of testosterone in older men as an antiageing tonic and non-specific treatment for sexual dysfunction, for which sound evidence is lacking. Although it cannot be excluded that, in the future, pharmacological testosterone treatment might prove effective and safe in such non-androgen deficiency conditions, 14 in the interim, it is highly marketable with an easily confected popularity which creates a demand that bypasses sound clinical practice.
In 2000, the first national guidelines for testosterone prescribing in Australia were developed by the Endocrine Society of Australia, 15 and these have remained the eligibility criteria for PBS-subsidised testosterone prescribing. The guidelines supp o r t l e g i t i m at e t es t o st e ro n e prescribing for pathologically based androgen deficiency and deter prescribing for unproven use of testosterone. Crucially, they distinguish pathologically based androgen deficiency from other speculative indications (notably male ageing) that lack a pathological basis or evidence of testosterone safety and effectiveness. 14 However, testosterone prescribing for andropause has been encouraged by North American guidelines published in 2006 16 and European-based guidelines published in 2005, 17 both of which have been recently republished without significant changes. 18, 19 These differ from the Australian guidelines by blurring the key distinction between pathologically based androgen deficiency and andropause, providing more lax criteria (eg, higher bloo d te sto stero ne thre sholds, encouragement of testosterone treatment trials and use of inaccurate "free" testosterone calculations) and lacking regulatory enforcement. More recent attempts to define andropause into existence 20 have been criticised on the basis of flawed analysis of observational data, 21 and the cardiovascular risks of prescribing testosterone treatment for older men have been highlighted. 22 Similarly, there has been increasing advocacy of testosterone treatment for male sexual dysfunction during the past decade 23 despite androgen deficiency being a rare cause of primary presentation with male sexual dysfunction. 24 The striking congruence between the IMS and PBS data is an important finding. The two data sources provide useful, complementary perspectives on testosterone prescribing despite the fact that only the IMS data include private and hospital-based prescribing. Neither database includes sales of testosterone by compounding chemists in costly products with untested pharmacological efficacy. The PBS provides an attractive subsidy for testosterone prescribing within approved guidelines, which makes testosterone prescribing for unapproved uses at full market cost unattractive. The success of this approach to subsidising testosterone depends on development of best-practice guidelines and compliance with prescribing criteria. Yet, levels of compliance with PBS prescribing criteria are not known and mounting evidence suggests possible disregard for the criteria, especially for andropause and male sexual dysfunction. This highlights the need to consider more cost-effective implementation of the PBS prescribing criteria.
